Neutrophil adherence within the gastric microcirculation is thought to be a major step in the pathogenesis of gastric mucosal damage induced by indomethacin. Pentoxifylline, a methylxanthine derivative, prevents leukocyte adherence to vascular endothelium and protects organs from shock by reducing tumour necrosis factor a (TNFa) concentrations. Rats were treated with 20 mg/kg oral indomethacin, pretreated with vehicle or with four different doses of pentoxifylline intraperitoneally, and killed after three hours. 
Flo (PGFi,,)g and PGE2 and serum TNFot values were measured. Whether the pentoxifylline induced protection involved nitric oxide mediated pathways or gastric acid secretion was evaluated. The data indicate that pentoxifylline reduces indomethacin induced mucosal damage and neutrophil margination in a dose dependent manner without exerting any effect on gastric mucosal prostaglandin concentrations. The maximally effective dose (200 mg/kg) ofpentoxifylline reduced gastric damage by 900/0 and slightly stimulated acid secretion. The effect ofpentoxifylline was not affected by pretreatment with the nitric oxide inhibitor. Pentoxifylline prevented the indomethacin induced increase in TNFa concentrations in a dose dependent fashion. Serum TNFa values were 30*5 (7.0) IU/ml (mean (SEM)) in rats treated with indomethacin alone and 5-0 (2.5) IU/ml (p<0.01) in rats treated with indomethacin plus 200 mg/kg pentoxifylline. Pentoxifylline, therefore, prevents the acute gastric mucosal damage and neutrophil margination induced by indomethacin and reduces indomethacin induced release of TNFot. (Gut 1994; 35: [909] [910] [911] [912] [913] [914] [915] Ulcerative lesions of the gastrointestinal tract are one of the major side effects associated with the use of non-steroidal anti-inflammatory drugs (NSAIDs).I Although the mechanism of NSAID induced gastric injury is unclear, evidence is accumulating that neutrophils (PMNs) play a crucial role.2-5 Depletion of circulating PMNs by antineutrophil serum or methotrexate prevents NSAID induced gastric damage in rats, without interfering with prostaglandin metabolism.34 Moreover, it has been shown that prevention of PMN adherence to the endothelium by treatment with a serum specifically directed against the PMN adhesion complex (CD 18) reduces the gastrointestinal injury induced by indomethacin and ischaemia-reperfusion. 5 6 Pentoxifylline (PTX) is a methylxanthine derivative that exerts a number of haemorrheological, haemodynamic, and anti-inflammatory effects. PTX has recently been shown to reduce effectively PMN adherence in vitro in septic shock and ischaemia-reperfusion models.7 Furthermore, PTX inhibits synthesis and release of the tumour necrosis factor ao (TNFa) by macrophages.8-10 TNFa is a cytokine that is known to stimulate considerably the adherence of PMN to the vascular endothelium by inducing the expression of 132 integrins (LFA-1 and MAC-i)." -13 Administration of TNFot to rats leads to vasocongestion, leukocyte margination, and tissue damage, and this effect is particularly evident in the gastrointestinal tract. 13 In the same set of experiments, samples of the body region of the stomach, including the whole gastric wall, were excised for determining 6-keto-prostaglandin Fla and prostaglandin E2 (PGE2) concentrations.2' Briefly, the tissue samples were weighed and then homogenised on ice in 4-3 ml of Tris buffer plus 1 mM EDTA (pH 8-9 at 50C) using a ground glass homogeniser. The homogenates were centrifuged at 2000 g for 10 minutes to remove the tiny amounts of solid tissue debris. The resultant supernatant was then acidified with acetic acid. Prostaglandins were extracted from the supematant using columns packed with reverse-phase octadecylsilane bonded silica gel (Sep-Pac C18, Waters, Millipore Co, Milford, MT). Columns were conditioned before use by washing them with 5 ml of ethanol, followed by 5 ml water. The acidified supernatants were added to the column that was then washed sequentially with 5 ml of 15% ethanol and 5 ml of toluene. Prostaglandins were eluted with 2 ml of ethyl acetate, the solvent evaporated under a stream of nitrogen gas and the prostaglandins assayed using a specific enzyme immunoassay (Cayman Chemical Co, Ann Arbor, MI). The lower detection limit of the prostaglandin assay was 7 pg/ml, with a sensitivity of 90% and a specificity of 100%.22 23 Results are expressed as pg/mg of wet tissue.
EFFECT OF PTX ON BASAL GASTRIC ACID SECRETION
To evaluate the effect PTX exerts on basal gastric acid secretion, three groups of five rats each were pretreated with vehicle, 200 mg/kg intraperitoneal PTX, or 15 mg/kg intraperitoneal ranitidine. One hour later, rats were killed by an overdose of ether, and laparotomy was performed. The stomach was clamped at the junctions with the oesophagus and duodenum and excised. The gastric contents were emptied into a glass tube, centrifuged at 1000 rpm, the volume measured, and the amount of titrable acidity determined by titrating the samples at pH 7 0 with 0 0 1 mol/l NaOH using an automatic titration system (Radiometer, Copenhagen, Denmark).
The chests of rats were opened and blood was drawn directly from the heart under anaesthesia. The biologically active TNFot was determined by a previously described cytotoxicity assay. produced negligible damage in the rat C stomach, while indomethacin caused haemor-* CD rhagic and ulcerative lesions (Fig 1) . The PTX caused a dose dependent reduction in the PMN margination score, and the ID50 was 100 mg/kg (Fig 4) .
EFFECT OF INDOMETHACIN AND PTX ON GASTRIC MUCOSAL PROSTAGLANDIN CONCENTRATIONS
The mean concentrations of PGE2 and 6-keto-PGF1I,, were 70-2 (12-5) pg/mg and 324-0 (21-2) pg/mg respectively in control rats and 3-3 (0 1) pg/mg and 33-6 (15-1) pg/mg respectively in indomethacin treated animals (>900/o reduction; p<O-O1). PTX administration did not interfere with the reduction of gastric prostanoids induced by indomethacin (p>0 05 v indomethacin alone) (Fig 5) .
EFFECT OF PTX ON GASTRIC ACID SECRETION
PTX caused a 10 fold increase in gastric volume content, from 90 0 (19<6) to 900 0 (276 9) pAW (p<0 05) (Fig 6, upper panel) , and a fourfold increase in titrable acidity from 5-2 (1-7) to 20W6 (9-3) (p<O-O5) (Fig 6, lower   panel) . Ranitidine administration reduced the titrable acidity by approximately 900/o, but had no effect on the gastric juice volume.
EFFECT OF INDOMETHACIN AND PTX ON SERUM TNFot CONCENTRATIONS
The mean (SEM) TNFot concentrations were 7-6 (2-0) IU/ml in control rats. Indomethacin significantly increased TNFot concentrations (Fig 7) , while (Fig 9) .
Discussion
The results of the present study show that PTX prevents the acute gastric damage induced by indomethacin. This drug, a methylxanthine derivative, is a haemorreological agent used for the treatment of peripheral and cerebrovascular diseases. It mainly acts by improving erythrocyte deformability and reducing blood viscosity, platelet aggregation, and plasma fibrinogen concentrations. Recent studies have indicated that PTX has anti-inflammatory properties. It inhibits PMN activation26 27 gastric damage and the highest dose tested caused an approximately 90% reduction in gastric mucosal injury. Several mechanisms could be proposed to account for the protective effect of PTX. Our data indicate that this effect is unrelated to gastric mucosal prostaglandin generation, since pretreatment with doses of PTX which reduced gastric damage by 90% had no effect on the gastric mucosal prostaglandin concentrations. Furthermore, PTX significantly increased the volume of basal gastric juice and titrable acidity, indicating that its protective effect is not related to the inhibition of gastric acid secretion, as has been shown for other protective agents, such as IL-1 or antisecretive drugs.29 The fact that the gastric juice volume was increased approximately 10 fold, while titrable acidity was increased only fourfold, however, suggests that PTX increases the nonoxintic secretion rather than parietal cell secretion. The non-oxintic secretion is a mixture of interstitial fluid (paracellular diffusion) and mucous cell secretion.30 Since 
